as a child's visit to a dentist for treatment of dental caries during the past 12 months-was ascertained from the caregiver from the age of 30 months in the survey. We estimated the risk of dental caries each year according to duration of breast feeding using logistic regression analyses. We controlled for a set of biological factors (birth weight, sex, parity and maternal age at delivery) and socioeconomic factors (maternal educational attainment and smoking status, marital status at delivery, family income and region of birth and residence).
Results:
We found that infants who had been breast fed for at least 6 or 7 months, both exclusively and partially, were at elevated risk of dental caries at the age of 30 months compared with those who had been exclusively formula fed. Adjusted ORs were 1.78 (95% CI, (1.45 to 2.17)) for the exclusively breastfed group and 1.39 (1.14 to 1.70) for the partially breastfed group. However, the associations became attenuated through the follow-up period and were no longer statistically significant beyond the age of 42 months for the partially breastfed group and beyond the age of 54 months for the exclusively breastfed group.
Conclusions:
We found an association between breast feeding for at least 6 or 7 months and elevated risk of dental caries at age 30 months. However, the association became attenuated as children grew older.
BACKGROUND
Although the prevalence of dental caries in developed countries such as the USA and Japan has declined over recent decades, 1 2 dental caries remain one of the most common infectious diseases among young children. The microbiological process of dental caries has been well established. 3 The initiation and progression of caries occur due to the interaction of three factors: oral microorganisms, dietary carbohydrates and tooth enamel. Microorganisms such as Streptococcus mutans colonise the tooth's surface, feed on incoming refined carbohydrates and produce acids which result in demineralisation of the tooth. Continuation of lower pH and loss of minerals undermine the tooth and cause permanent damage over time.
Organisations such as the WHO, the American Academy of Pediatrics and the Japanese Pediatric Society recommend exclusive breast feeding for at least 6 months Strengths and limitations of this study ▪ Using a longitudinal survey of 43 383 children from all over Japan, we estimated the risk of dental visits due to dental caries associated with breastfeeding duration each year from the age of 30 to 66 months. Since socioeconomic status is known to be a strong determinant of early childhood caries, we utilised rich information contained in the survey to control for various socioeconomic factors. ▪ We did not have information on the frequency or duration of breast feeding within a day. Therefore, further research with methods that precisely measure the daily amount of time spent on breast feeding may be necessary. ▪ Since our outcome assessment of children's dental caries relied on the caregiver's report of dental visits, the incidence of dental caries in our study may be underestimated. ▪ Levels of parental compliance with health-related guidelines were not accounted for in the analyses. High compliance may be associated with both adherence to the official guidelines for exclusive breast feeding up to 6 months and willingness to seek preventive dental care for a young child.
because of the many benefits that breast feeding provides. [4] [5] [6] However, breast milk contains sugars and may be cariogenic. 7 8 Paediatric dentistry organisations such as the American Academy of Pediatric Dentistry and the Japanese Society of Pediatric Dentistry referred to the potential risk of early childhood caries associated with breast feeding in their policy statements. 9 10 Reviews of epidemiological studies have found the relationship between breast feeding and early childhood caries to be inconclusive. 11 12 A few studies suggest that breast feeding may promote dental caries, [13] [14] [15] while other studies have not found an association. [16] [17] [18] [19] [20] Therefore, we sought to examine the association of breast feeding during the first half year of life with dental caries between the ages of 30 and 66 months.
METHODS

Description of the data
The Japanese Ministry of Health, Labour and Welfare (MHLW) has been implementing a survey on children and their parents annually since 2001. The original purpose of this survey, known as the Longitudinal Survey of Babies in the 21st Century (LSB21), was to assist the MHLW in developing strategies to counter the rapidly declining fertility rate in Japan. 21 The target population was families from all over Japan with a newborn baby (or babies) delivered between 10 and 17 January or July 2001. The baseline questionnaire was sent to all the families when the newborns reached 6 months or 7 months of age. Among the 53 575 mailed questionnaires, 47 015 were filled and returned (88% response rate). Follow-up questionnaires have been sent to these participating families annually (at 18 months, 30 months, 42 months and so on). Birth records from Japanese vital statistics, which include birth length and weight, gestational age, sex, parental age and other information, were also linked to each child in this survey.
Infant feeding
We obtained information on types and duration of infant feeding from the first survey when the babies were 6 or 7 months old. The first question inquired whether a mother breast fed, formula fed or both. The second question ascertained the duration of breast feeding and formula feeding in months between 0 and 7. On the basis of responses to these two questions, we created the following five groups: an exclusively breastfed group, three partially breastfed groups and an exclusively formula fed group. According to the WHO definition, exclusive breast feeding refers to only breast feeding with no other food or drink, whereas predominant breast feeding refers to mainly breast feeding with some other liquids such as water. 4 Therefore, the exclusive breastfeeding group in our analyses most likely included those with predominant breast feeding.
Those in the exclusively breastfed group indicated 6 or 7 months of breast feeding and 0 month of formula feeding. Those in the exclusive formula feeding group indicated 0 month of breast feeding and 6 or 7 months of formula feeding. Those who both breast fed and formula fed their babies indicated various durations of breast and formula feeding between 1 and 7 months. Therefore, we categorised partially breastfed infants into three groups based on the duration of breast feeding: 1-2, 3-5 and 6-7 months. It is highly likely that many of the mothers who had breast fed for 6-7 months at the first survey had continued to breastfeed afterwards, but we could not ascertain the duration information. Therefore, we will hereafter refer to the breast fed for 6-7 months groups as exclusively and partially breast fed for at least 6-7 months. We do not have information on whether these partially breastfed infants had been exclusively breast fed for a certain duration before they were formula fed or the mothers both breast fed and formula fed from the beginning within the duration of breast feeding.
We excluded 246 infants from the analyses because of missing information on the type of feeding and an additional 516 because of missing information on the duration of breast feeding. We also restricted our analyses to singleton babies born full term (ie, 37 gestational weeks or later). After these missing data and restrictions, we retained 43 383 at the first survey (92% of the original sample).
Dental caries
In each follow-up survey from the third, whether a caregiver reported that the child had a dental visit due to dental caries in the 12 months before the survey date was ascertained (eg, between 18 and 30 months at the third survey and between 30 and 42 months at the fourth survey). The question, "Did your child go to a hospital or a clinic because he or she had experienced the following disease or injury (e.g., measles, influenza, asthma, etc) during the last 12 months?", specified dental visits due to dental caries rather than dental visits due to concerns about caries or other dental issues. We used the response to this question as our outcome of interest. The frequency of dental visits or the number of decayed teeth was not ascertained. The same question was not included in the second survey (ie, dental visits between 6 and 18 months of age).
Covariate selection
Part of the difficulty in determining whether or not breast feeding promotes early childhood caries is due to confounding-reviews suggest that various biological and social factors are associated with early childhood caries. 22 23 On the basis of the previous literature and utilising rich information contained in the LSB21, we adjusted for a set of biological and socioeconomic factors as potential confounders. Biological factors include birth weight (continuous), sex (dichotomous), parity (categorical) and maternal age at delivery (categorical). Socioeconomic factors include maternal educational attainment (categorical), maternal smoking status (categorical), marital status at delivery (dichotomous), family income (continuous) and region of birth and residence (categorical).
We obtained birth weight, sex, parity, maternal age and marital status at delivery and region of birth and residence from the birth record; maternal smoking status and family income from the first survey; and maternal educational attainment from the second survey. Parity represents the number of births given by a mother and therefore informs the presence or absence of older siblings.
We separated maternal age into four groups: below 25; 25 to below 30; 30 to below 35; and 35 and above. We categorised educational attainment into three levels: completed high school or less, completed 2-year college or vocational school, and completed 4-year college or more. We also categorised smoking status into three levels based on the number of cigarettes smoked per day: non-smokers, light smokers (ie, 1-11 cigarettes per day) and heavy smokers (12 or more cigarettes per day). Marital status indicates that the father and mother were married or not when their baby was born. Family income indicates the combined amount of annual earnings from the father, mother and other sources in 10 000 yen (equivalent to roughly US$100). Though Japan is considered to be much more homogeneous culturally than other countries such as the USA, we included eight regions of Japan where children were born and had resided at the first survey in the model to account for cultural and geographical differences that may affect both breastfeeding practices and incidence of dental caries. On the basis of the location of birth, we categorised each child into one of the following regions: Hokkaido, Tohoku, Kanto, Chubu, Kinki, Chugoku, Shikoku and Kyushu/Okinawa.
Statistical analyses
We conducted logistic regression analyses to evaluate the relationship between the duration of breast feeding and the risk of dental caries each year from the age of 30 to 66 months. We first estimated the crude OR and 95% CIs among the five breastfeeding groups and then recalculated the OR and 95% CI after controlling for potential confounders. The exclusively formula fed group served as the reference group. In addition, we collapsed the breastfeeding categories and made two comparisons: (1) never breast fed (ie, 0 month of breast feeding) versus ever breast fed (ie, 1 or more months of breast feeding) and (2) breast fed for less than 6 months versus breast fed for at least 6-7 months. We conducted our analyses with complete cases. All the statistical analyses were carried out with Stata (V.12/SE, STATA Corp., Texas, USA).
RESULTS
Baseline characteristics
In table 1, we summarise the baseline characteristics of participants in the study by breastfeeding groups. Among the 43 383 infants, 54% were breast fed for at least 6 or 7 months: 22% were exclusively breast fed and 32% were partially breast fed. Only 6% were exclusively formula fed. Those in the exclusively breastfed group were born heavier and with more older siblings on average. Examination of maternal age at delivery and socioeconomic factors demonstrated that those in the exclusively breastfed group and partially breast fed for at least 6-7 months group were nurtured in a more socially endowed environment (eg, higher family income, more educated mothers, non-smoking mothers or mothers older than 25).
Bivariate analyses
In table 2, we present bivariate analyses of biological and socioeconomic factors with dental caries at each age. Although birth weight and family income were treated as continuous variables in the statistical analyses, we categorised them to illustrate their relationships to dental caries. We observed a gradient by birth weight and parity. The relationship between maternal age at delivery and dental caries drew a U shape. Mothers younger than 25 and older than 35 reported more dental visits than those between 25 and 35.
Corroborating with study findings from other countries, we observed a gradient by maternal educational attainment. Less educated mothers reported more dental visits due to dental caries compared with more educated mothers. We also observed a gradient by smoking status among mothers or family income. These trends continued from the third to the sixth survey. A Japanese national survey suggests that the occurrence of dental caries among young children varies across regions; dental caries were more prevalent in more rural areas such as Tohoku and Kyushu/Okinawa. 24 We confirmed higher proportions of children with dental caries in these two regions compared to the Kanto area at the third survey in LSB21.
Risk of dental caries by breastfeeding groups
In table 3, we present associations between breastfeeding groups and the risk of dental caries at each age from 30 to 66 months. The risk of dental caries at 30 months was higher among groups that had been breast fed for at least 6-7 months, both exclusively and partially breast fed, compared with those who had been exclusively formula fed: adjusted OR with 95% CIs in brackets, 1.78 (1.45 to 2.17) among exclusively breast fed and 1.39 (1.14 to 1.70) among partially breast fed for at least 6-7 months. However, the associations between breast feeding for at least 6-7 months and dental caries waned as children grew older. Though ORs remained elevated, the associations were no longer statistically significant beyond 42 months of age for the partially breast fed for at least 6-7 months group and beyond 54 months for the exclusively breastfed group. The comparison of crude and adjusted ORs indicated that the associations of dental caries with the exclusively breastfed group or partially breastfed group for at least 6-7 months became more pronounced after adjusting for biological and socioeconomic factors. Examination of ORs across breastfeeding groups indicated the relationship between breastfeeding duration and dental caries to be non-linear-those with partial breast feeding for 3-5 months were the lowest risk group.
In table 4, we present results from two comparisons we made between never breast fed versus ever breast fed and between breast fed for less than 6 months versus breast fed for at least 6-7 months. We observed that ever breast fed was not associated with elevated risk except for at 30 months compared with never breast fed, whereas breast fed for at least 6-7 months was consistently associated with elevated risk of caries compared to breast fed for less than 6 months after adjusting for various biological and socioeconomic factors.
DISCUSSION
Using a large Japanese population-based longitudinal survey, we estimated the risk of early childhood dental caries between the ages of 30 and 66 months according to the duration of breast feeding during infants' first half year of life. We observed an elevated risk of dental caries at 30 months among those who were breast fed for at least 6-7 months, especially those who were exclusively breast fed. However, the adverse effect of breast feeding attenuated with continued follow-up. We did not find a dose-response relationship between breastfeeding duration in months and the risk of dental caries. 
Comparison with other studies
Most studies on the relationship between breast feeding and dental caries that we reviewed showed no effect of breast feeding on dental caries. [16] [17] [18] [19] [20] However, a caveat about all the studies (including ours) is the lack of standardised assessment of breast feeding. For example, breastfeeding duration was not uniform across studies.
In a study by Kramer et al, 20 the comparison was between 3 months of exclusive breast feeding versus 6 months, whereas in a study by Nunes et al, 18 the comparison was between less than 12 months of breast feeding versus more than 12 months. Iida et al 16 used several assessments of breast feeding including durations of full breast feeding and exclusive breast feeding and Table 2 Proportion of children with dental caries by biological and socioeconomic factors at each survey from the third to the sixth (n baseline =43 383) †The percentage describes the proportion of children with dental caries (versus without) within each category in the left column at each age (eg, the proportion of children with dental caries in the <2500 g category at 30 months). found that history of breast feeding (never vs ever) was not associated with early childhood caries among children between the ages of 2 and 5, which seemed to be consistent with our findings presented in table 4. A study by Chaffee et al 25 showed that breast feeding for up to 24 months was associated with elevated risk of dental caries at 38 months compared with breast feeding for less than 6 months, which corroborates our findings presented in table 4.
Another issue may be the timing of outcome assessment. Ages of children vary from study to study (eg, 18-42 months in Nunes' study to 6.5 years in Kramer's study). These variations in assessing breast feeding and dental caries complicate the comparison of studies and may explain the discrepancy between our study and previous studies which showed no effect of breast feeding.
Plausible mechanism from breast feeding to dental caries An absence of a dose-response relationship between the duration of breast feeding and the risk of dental caries suggests that breast feeding for 6-7 months and possibly longer may increase the risk of dental caries due to concurrent events such as the early eruption of primary teeth starting around 6 months. 9 10 Lower central incisors usually begin to erupt around 6 months followed by upper central incisors. These teeth would be present if mothers continue to breastfeed after 6 months and would most likely be affected by exposure to breast milk, especially if breast feeding is frequent. Thus, in future studies on breast feeding and early childhood caries, the timing (eg, at 6 months of age) and possibly the sequence of teeth eruption may be another factor to consider.
Strengths
One of the strengths of our study is the large sample size, which allowed us to estimate the risk of dental caries according to the duration of breast feeding. To the best of our knowledge, our study is the first population-based study to estimate the risk of dental caries according to breastfeeding duration on a continuum. Taking advantage of a longitudinal survey, we were also able to demonstrate changes in the risk of dental visits due to dental caries from the age of 2 to 5.
Availability of rich information on biological and socioeconomic factors is another strength of our study. The effect of breastfeeding duration on dental caries seems to fade over early years, while the gradient in dental caries by biological and socioeconomic factors persists or even gains strength as shown in table 2. Reviews suggest that socioeconomic status is a strong determinant of dental caries. 23 26 Therefore, adjustment for maternal educational attainment, maternal smoking status, family income and other factors reduced threats to the validity of our findings.
Limitations
The duration of breast feeding in months between 0 and 7 was ascertained when an infant was at 6 or 7 months of age; therefore, the chance of recall bias seems unlikely. However, we could not ascertain the amount of time an infant was breast fed on each day. Since the amount of time teeth have been exposed to carbohydrates (ie, breast milk) is directly related to the development of dental caries, factors such as the frequency of breast feeding and patterns of night-time feeding may be the potential pathway linking breast feeding and dental caries. 13 14 25 27 28 An Australian survey indicated that mothers who exclusively breast fed their 6-month infants spent more time feeding than those who partially breast fed or exclusively formula fed. 29 A US study on infant feeding practices demonstrated that mothers who breastfeed were much more likely to sleep by their infants for the facilitation of night-time feedings compared with those who formula feed (eg, 53% vs 7% at 6 months). 30 Thus, further research with methods that precisely measure the amount of time spent on breast feeding may be necessary to elucidate the mechanism.
We also could not ascertain the duration of breast feeding beyond 7 months. Though we observed a higher risk of dental caries at 30 months and later among those who had been breast fed for at least 6-7 months compared with those who had been breast fed for less than 6 months, the relationship between breastfeeding duration beyond 7 months and the incidence of dental caries remains unknown in this study. A guideline on breast feeding and weaning disseminated by MHLW in 2007 recommended that weaning start at 5 or 6 months. 31 A national survey on infant feeding and nutrition conducted in 2005 summarised that over 90% of families had begun weaning by 6 months. 32 Therefore, the impact of breast feeding on dental caries should diminish beyond 6 months due to reduced or discontinued breast feeding in the Japanese population. Very early termination of breast feeding may have exposed infants to sugared beverages and foods sooner than those with a longer duration of breast feeding, which may explain the higher risk of dental caries in the exclusively formula fed group compared with the partially breast fed for 3-5 months group before controlling for biological and socioeconomic factors.
Among studies on breast feeding and dental caries, the use of decayed or filled primary tooth surfaces (dfs) was common. Since dfs were unavailable in the LSB21, we used dental visits reported by a caregiver as a proxy for the occurrence of dental caries. To assess the accuracy of this outcome, we obtained the nationwide prevalence of dental caries from a summary of oral health screening for 3-year-olds mandated by local governments. 33 The national prevalence of dental caries was 30% with a compliance rate of 88% in 2004, whereas the proportion of children with dental caries was 27% at the fifth survey (ie, the proportion of children with a dental visit between 3 and 4 years of age) in the LSB21. Therefore, we may have slightly underestimated data on dental caries.
The impact of fluoride application at individual and collective levels is likely to be minor. Few local governments have enacted fluoridation of drinking water in Japan, and about 80% of commercial toothpaste products available on the Japanese market in 2003 already contained some amount of fluoride. 34 An ecological study using a municipal-level prevalence of dental caries among 3-year-olds in 2000 showed that topical fluoride application explained only 0.8% of the total variation in the outcome. 35 Other weaknesses include residual and unmeasured confounding. For example, a lack of access to oral healthcare services for socially disadvantaged families may be an issue. Given that more educated mothers have better access to dental visits, we attempted to circumvent the chance of confounding by including various socioeconomic factors in the model. Financial support from the central and local governments should also decrease the social gradient in utilisation of oral healthcare services for young children. However, unmeasured confounding such as parents' compliance with health-related guidelines-including willingness to seek preventive dental care for a young child-may also be associated with adherence to the official guidelines for exclusive breast feeding up to 6 months and thus potentially bias the estimates away from the null even after controlling for various socioeconomic factors.
CONCLUSION
We found an association between breast feeding for at least 6 or 7 months and elevated risk of dental caries during the early years of life. Our findings align with the recommendations of American and Japanese paediatric dentistry organisations that breastfeeding mothers need to be careful with their infants' oral hygiene after 6 months of age. Although our study adds to the body of knowledge, further studies with more elaborate methods of assessment of breast feeding may be necessary to determine the cariogenic nature of breast feeding. In the meantime, given the many benefits of breast feeding, the practice should continue to be strongly encouraged.
